The force-frequency characteristics and maximal relaxation rate of the adductor pollicis muscle were measured before and after 48 hours of intravenous loading with glucose (104-5 kJ (25 kcal)/ kg/24 h) and potassium (20 mmol(mEq)/500 ml glucose) in eight undernourished patients about to undergo surgery. Both variables of skeletal muscle performance, which were depressed when compared with data from 100 healthy volunteers, improved significantly after glucose-potassium loading. The improvement was accompanied by restoration of muscle glycogen values and return of respiratory exchange ratios towards unity.
Introduction
The function of skeletal muscles has recently been increasingly studied in relation to nutritional rehabilitation in undernourished patients.`Results suggest that the contractile properties of skeletal muscle reflect small and early changes in nutritional state before those detectable by standard methods of nutritional assessment. Russell et al showed that obese subjects undergoing a two week period of hypocaloric feeding (1-67 MJ (400 kcal)/day) had abnormal muscle function, which was further exacerbated by a two week fast.4 All objective tests of muscle function returned towards normal after two weeks of refeeding (4-18 MJ (1000 kcal)/day). Similarly, in anorectic patients, variables of muscle function improved within four to eight weeks of oral refeeding.5 In a small group of undernourished patients with various gastrointestinal disorders skeletal muscle performance was significantly improved after four weeks of conventional total parenteral nutrition. I None of the above studies, however, were performed in controlled circumstances of energy and water-electrolyte repletion. We report here our studies on the effects of a simple glucose-potassium regimen on muscle function in undernourished patients.
hand to 40'C with an electric pad (Gillette heat wrap), and electromyograms of the adductor pollicis were recorded (Medelec MS92a) to ensure supramaximal stimulations. The effects of post-tetanic potentiation were standardised by a fixed order of testing.
The force-frequency characteristics and maximal relaxation rate of the adductor pollicis muscle were studied in 100 healthy volunteers (50 men, 50 women) aged 19-83 (median 29) to establish a normal database for comparison with the undernourished patients.
We studied eight patients about to undergo surgery who were judged clinically to be undernourished, with a weight loss of greater than 10% (range 10-18%). Four patients were suffering from dysphagia as a consequence of oesophageal stricture, one had a carcinoma of the stomach, one 
Patients and methods
The basic apparatus for objective testing of muscle function is that originally developed by Merton6 and modified by Edwards et al7 for study of the contractile characteristics of the intact adductor pollicis muscle. We redesigned this and developed a system to produce a fairly inexpensive and portable apparatus incorporating a microprocessor that permits bedside testing of immobilised patients.' The ulnar nerve is electrically stimulated at the wrist by a series of frequencies and the force of contraction so generated measured in the adductor pollicis muscle by means of a loop around the interphalangeal joint of the thumb. patients compared with that in the volunteers. After 48 hours of glucosepotassium loading it was significantly increased (table) and closer to the mean in the volunteers ( 1-2 (SEM 0-3)% /10 ms).
Muscle glycogen content rose significantly after glucose-potassium loading (table) . Respiratory exchange ratios approached unity after loading (table) .
Discussion
Over the past few years there have been several reports that objective functional changes in muscle contraction aremore sensitive than changes in the composition ofthe body in detecting undernutrition and monitoring repletion.", The precise mechanisms ofmuscle dysfunction in relation to nutritional state remain unclear, although various inferences have been made regarding changes in ultrastructure and intracellular composition." None of these studies, however has been performed under controlled circumstances of energy and water-electrolyte repletion.
Our study in eight patients before surgery who were judged clinically to be undernourished showed that abnormal functional variables in muscle contraction may be reversed by 48 hours of infusion of glucose, water, and potassium. Although we did not perform conventional studies of the composition of the body in these patients, it is clear from our previous studies'2 and from direct measurement of glycogen in these patients that glycogen had been stored in their muscles together with the necessary potassium. The concomitant increase in respiratory exchange ratios implied a change to glucose substrate oxidation.
Although the effect of short term (seven to 10 days) preoperative nutritional support on postoperative morbidity and mortality is conflicting,'3-'5 its major effect in depleted patients seems to be the restoration of liver and muscle glycogen stores. '6 17 We showed in this study that abnormal variables of muscle function can be improved by a short course of high carbohydrate and potassium loading with restoration of muscle glycogen content. This implies that ifmuscle power can be regarded as a yardstick for preoperative nutritional rehabilitation then a simple regimen ofenergy-electrolyte repletion may be cost effective in preparing undernourished patients for major surgery. Further studies are needed to elucidate the bioenergetics of glucose-potassium loading on muscle function.
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